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Abstract-  the  current  major  restructuring  of  the  electricity  market  and  the  advances  of  new  technology  add  new 
complexities  in  the  power  system  applications  software,  particularly  optimization.  Minimization  of  the  impact  of  a 
transaction on unrelated third party facilities or maximization of the power transfer between utilities needs now to be 
formulated as new constraints or objective functions. The dispatch and control of generating units, the taps of regulating 
transformers,  mechanically  switched  capacitors  and  reactors  have  been  the  primary  means  available for  controlling 
power flows over the years. However, certain applications require frequent operations that result in a rapid wearing out 
of the switching equipment. The inadequate line flow control may result in overloaded parts of the networks, while other 
parts are loaded far below their power carrying capacity. Therefore, the demands for flexibility in power flow control are 
growing  continuously.  The  FACTS  relying  on  thyristors  have  high  speed  switching  capability  that  allows  for  rapid 
readjustment of line power flows in response to various contingencies. Installation of FACTS devices on key locations in a 
meshed network changes the effective reactance of the parallel paths and consequently the way that power divides among 
them.  This  paper  proposes  study  of  various  FACTS  DEVICES  that  can  be  installed.  FACTS  DEVICES  model  is 
incorporated into a Newton-Raphson algorithm to perform load flow analysis. Proposed algorithm is tested on IEEE 30 
bus power system for optimal allocation of STATCOM and results are presented. 
 
KEYWORDS- Power Flow Studies, FACTS Devices, STATCOM. 
I.  INTRODUCTION 
A-Power System Scenario 
The electricity supply industry is undergoing a profound transformation worldwide. Market forces, scarcer natural 
resources,  and  an  ever  increasing  demand  for  electricity  are  some  of  the  drivers  responsible  for  such  an 
unprecedented change. Against this background of rapid evolution, the expansion programs of many utilities are 
being thwarted by a variety of well-founded, environmental, land-use, and regulatory pressures that prevent the 
licensing and building of new transmission lines and electricity generating plants.  
An in-depth analysis of the options available for maximizing existing transmission assets, with high levels of 
reliability and stability, has pointed in the direction of power electronics. There is general agreement that novel power 
electronics equipment and techniques are potential substitutes for conventional solutions, which are normally based 
on electromechanical technologies that have slow response times and high maintenance costs. 
Independent of the structure of a power system, the power flows throughout the network are largely distributed as 
a function of transmission line impedance ie a transmission line with low impedance enables larger power flows 
through it than does a transmission line with high impedance. This is not always the most desirable outcome because 
quite often it gives rise to a myriad of operational problems. The job of the system operator is to intervene to try to 
achieve power flow redistribution, but with limited success. Examples of operating problems to which unregulated 
active and reactive power flows may give rise are: 
·  Loss of system stability 
·  Power flow loops 
·  High transmission losses 
·  Voltage limit violations 
·  Inability to utilize transmission line capability upto the thermal limit 199 
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·  Cascade tripping 
B- Inherent Limitations of Transmission Systems 
The characteristics of a given power system evolve with time, as load grows and generation is added. If the 
transmission facilities are not upgraded sufficiently the power system becomes vulnerable to steady-state and transient 
stability problems, as stability margin, become narrower. Thus there are numerous factors limiting the power transfer 
capability of a transmission line in a meshed network. One obvious limitation is the current creating the maximum 
allowable temperature.  For  continuous  rating this current value  depends on the parameters  of the line,  ambient 
temperature, wind velocity etc.. However, the transmission lines are usually operated (in continuous operation) at 
much lower levels than their thermal limits. The ability  of the transmission system to transmit power  becomes 
impaired by one or more of the following steady-state and dynamic limitations: 
·  Angular stability  
·  Voltage magnitude  
·  Thermal limits 
·  Transient stability  
·  Dynamic stability  
For uncompensated lines longer than about 80km the voltage drop limitation is the limiting factor on the line load 
ability, while for lines longer than 320 km the limiting factor is the steady-state stability limit. In these cases the 
steady-state stability limit is far below the thermal limit. To guarantee reliability the lines are operated at loadings far 
lower than their ratings. The generous margins represent reserve transmission capacity that make sure that the system 
can recover from contingencies, like a generator outage or line tripping. 
Such problems have traditionally been solved by building new power plants and transmission lines, a solution that 
is costly to implement and that involves long construction times and opposition from pressure groups. It is now 
envisaged that a new solution to such operational problems will rely on the upgrading of existing transmission 
corridors by using the latest power electronic equipment and methods, a new technological thinking that comes under 
the genetic title of FACTS -an acronym for flexible alternating current transmission systems  to enable achievement 
of the same objectives to be met with no major alterations to system layout. The potential benefits brought about by 
FACTS controllers include (IEEE/CIGRE, 1995): 
·  Reduction of operation and transmission investment cost 
·  Increased system security and reliability 
·  Increased power transfer capabilities 
·  Overall enhancement of the quality of the electric energy delivered to customers  
II.  FLEXIBLE ALTERNATING CURRENT TRANSMISSION SYSTEMS 
In its most general expression, the FACTS concept is based on the substantial incorporation of power electronic 
devices and methods into the high-voltage side of the network, to make it electronically controllable (IEEE/CIGRE, 
1995). 
Many  of  the  ideas  upon  which  the  foundation  of  FACTS  rests  evolved  over  a  period  of  many  decades. 
Nevertheless, FACTS, an integrated philosophy is a novel concept that was brought to fruition during the 1980s at the 
Electric Power Research Institute (EPRI), the utility arm of North American utilities (Ref 4). FACTS looks at ways of 
capitalizing on the many breakthroughs taking place in the area of high-voltage and high current power electronics, 
aiming at increasing the control of power flows in the high voltage side of the network during both steady-state and 
transient  conditions..  Owing  to  the  many  economical  and  technical  benefits  it  promised,  FACTS  received  the 
indistinctive support of electrical equipment manufacturers, utilities, and research organizations around the world. IJECSE,Volume1,Number 2  
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Several kinds of FACTS controllers have been commissioned in various parts of the world. The most popular are: 
load  tap  changers,  phase-angle  regulators,  static  VAR  compensators,  thyristor-controlled  series  compensators, 
interphone -power controllers, static compensators and unified power flow controllers (IEEE/CIGRE, 1995). 
It was recognized quite early on the development program of the FACTS technology (Ref 14) that, in order to 
determine the effectiveness of such controllers, on a network wide basis, it would be necessary to upgrade most of the 
system  analysis tools  with  which power engineers  plan and  operate their systems.  Some of the tools that have 
received research attention and, to a greater or lesser extent, have reached a high degree of modeling sophistication 
are: 
·  Positive sequence power flow 
·  Three-phase power flow 
·  Optimal power flow 
·  State estimation 
·  Transient stability 
·  Dynamic stability 
·  Electromagnetic transients 
·  Power quality 
A.  Facts Controllers  
Power flow control has traditionally relied on generator control, voltage regulation by means of tap-changing and 
phase-shifting transformers. Reactive power plant compensation switching, Phase-shifting transformers have been 
used for the purpose of regulating active power in alternating current (AC) transmission networks. In practice, some 
of them are permanently operated with fixed angles, but in most cases their variable tapping facilities are actually 
made use of Series reactors are used to reduce power flow and short-circuit levels at designated locations of the 
network, Conversely, series capacitors are used to shorten the electrical length of lines, hence increasing the power 
flow. In general, series compensation is switched on and off according to load and voltage conditions. For instance, in 
longitudinal power systems, series capacitive compensation is bypassed during minimum loading in order to avoid 
transmission  line  over  voltages  due  to  excessive  capacitive  effects  in  the  system.  Conversely,  series  capacitive 
compensation is fully utilized during maximum loading, aiming at increasing the transfer of power without subjecting 
transmission lines to overloads. 
B.  Types of FACTS Controllers 
A number of FACTS controllers have been commissioned. Most of them perform a useful role during both steady-
state  and  transient  operation,  but  some  are  specifically  designed  to  operate  only  under  transient  conditions,  for 
instance, Hingorani's sub synchronous resonance (SSR) damper. 
ACTS controllers intended for steady-state operation are as follows  
·  Thyristor-controlled  phase  shifter  (PS)  -  This  controller  is  an  electronic  phase-shifting  transformer 
adjusted by thyristor switches to provide a rapidly varying phase angle. 
·  Load taps changer (LTC) - This may be considered to be a FACTS controller if the tap changes are 
controlled by thyristor switches. 
·  Thyristor-controlled reactor (TCR) - This is a shunt-connected, thyristor-controlled reactor, the effective 
reactance of which is varied in a continuous manner by partial conduction control of the thyristor valve. 
·  Thyristor-controlled series capacitor (TCSC) - This controller consists of a series capacitor paralleled by 
a thyristor-controlled reactor in order to provide smooth variable series compensation. 201 
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·  Interphase  power  controller  (IPC)  -  This  is  a  series-connected  controller  comprising  two  parallel 
branches,  one inductive  and  one  capacitive, subjected to  separate phase-shifted  voltage  magnitudes. 
Active power control is set by independent or coordinated adjustment of the two phase-shifting sources 
and the two variable reactance. Reactive power control is independent of active power. 
·  Static compensator (STATCOM) - This is a solid-state synchronous condenser connected in shunt with 
the AC system. The output current is adjusted to control either the nodal voltage magnitude or the 
reactive power injected at the bus. 
·  Solid-state series controller (SSSC) - This controller is similar to the STATCOM but it is connected in 
series with the AC system. The output current is adjusted to control either the nodal voltage magnitude or 
the reactive power injected at one of the terminals of the series-connected transformer.  
·  Unified power flow controller (UPFC) - This consists of a static synchronous series compensator (SSSC) 
and a STATCOM, connected in such a way that they share a common DC capacitor. The UPFC, by 
means  of  an  angularly  unconstrained,  series  voltage  injection,  is  able  to  control,  concurrently  or 
selectively, the transmission line impedance, the nodal voltage magnitude, and the active and reactive 
power flow through it. It may also provide independently controllable shunt reactive compensation. 
Power electronic and control technology have been applied to electric power systems for several decades. 
HVDC links and static VAR compensators are mature pieces of technology: 
·  Static VAR compensator (SVC)- This is a shunt-connected static source or sink of reactive power. 
·  High-voltage direct-current (HVDC) link - This is a controller comprising a rectifier station and an 
inverter  station,  joined  either  back-to-back  or  through  a  DC  cable.  The  converters  can  use  either 
conventional thyristors or the new generation of semiconductor devices such as gate turn-off thyristors 
(GTOs) or insulated gate bipolar transistors (IGBTs). 
III-CATEGORIES OF POWER FLOW CONTROLLER 
Conventional  Thyristor-
Controlled 
Solid-state 
Switched 
shunt 
capacitor  and 
inductor 
 
Switched 
series capacitors 
 
Tap-changing 
transformer 
Phase-Shifter 
Static Var 
Compensator 
(SVC) 
 
Thyristor 
Controlled  Series 
Capacitor (TCSC) 
 
Thyristor 
Controller  Phase- 
Shifter Transformer 
Static Synchronous 
Compensator 
(STATCOM) 
 
Solid-state 
Synchronous  Compensator 
(SSSC) 
 
Solid-state  Phase 
Shifter,  Unified  Power 
Flow Controller (UPFC) 
Table 1 
The application of FACTS controllers to the solution of steady-state operating problems is outlined below:  
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The STASTCOM is one of the important shunt connected ‘Flexible AC Transmission system’ controllers to 
control the power flow and make better transient stability. A statcom is a controlled reactive power source. It provides 
voltage support by generating or absorbing capacitors banks. 
It regulates the voltage at its terminals by compensating the amount of reactive power in or out from the power 
system. When the system voltage is low the STATCOM injects the reactive power to and when the voltage is high it 
absorbs the reactive power. The reactive power is fed from the voltage source converter (VSC) which is connecting 
on the secondary side of a coupling transformer as shown in the Fig 1. The power electronic based source generates 
three  phase  supply  with  proper  frequency.  By  varying  the  magnitude  of  the  output  voltage  the  reactive  power 
exchange can be regulated between the convertor and AC system. 
A-Advantage of STATCOM 
There are many technical advantages of a STATCOM, these are primarily 
It has fast response. 
·  It requires less space as passive elements are eliminated. 
·  Inherently modular and re-locatable. 
·  It can be interfaced with real power source viz. battery. 
·          It has superior performance during low voltage condition as the reactive current can be maintained 
constant. 
B-Operating Principle    
Let V1 be the voltage of power system and V2 be the voltage produced by the voltage source (VSC). During steady 
state working condition, the voltage V2 produced by VSC is in phase   with V1 (i.e.=0) in this case only reactive 
power is flowing. If the magnitude of the voltage V2 produced by the VSC is less than the magnitude of V1, the 
reactive power is flowing from power system to VSC(the STATCOM is absorbing the reactive power). If V2 is 
greater than V1 the reactive power is flowing from VSC to power system (the STATCOM is producing reactive 
power) and if the V2 is equal to V1the reactive power exchange is zero. The amount of reactive can be given as 
Q  =  
  (     )
                                                 (i)    
   
Figure 1-Functional Block diagram of STATCOM. 203 
Voltage Stability in Power system Using STATCOM 
                                                                                                                             
ISSN-2277-1956/V1N2-198-208                                                                        
 
Figure 2 Control characteristic of a STATCOM. 
    Thus we can say that;  If  V1 > V2  the STATCOM is drawing a capacitive reactive current and 
if V1 <  V2  the STATCOM is inductive reactive current.  
 
 
         Figure 3 A single phases STATCOM                                     
           
Figure 4 the waveform of Vpn 
If an energy source on DC side, the voltage VDC can be constant, GTO based switch T1 & are switch on and off in 
a cycle. The conduction period of each switch is 180
0 and whenT1 & T2  is off and vice- versa. 
Fig.5 shows the basic six-plse STATCOM connected to a load bus in a power system where Rp represents the 
‘ON’  state  resistance  of  the  switches  and  Lp  the  transformer  leakage  inductance.  It  generates  a  balanced  and 
controlled three phase voltage Vp. The voltage controlled depends on the firing angle control of the VSC. IJECSE,Volume1,Number 2  
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Figure 5 STATCOM connected to the load bus 
C.  Modeling of STATCOM 
The dynamic model of STATCOM can be given as; 
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The synchronous generator is described as; 
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Where            ,             ,    is load angle, and  ,  angular speed of the generator. 
The VSC voltages are controlled as follows;                                                  (vi)            
                                                           (vii)           
The cascade control architecture for STATCOM control is shown in Figure 6 
Equation
( 5.11 )
And
( 5.12)
Transformation 
from
d’-q’
to d-q
               V s
ref +
-
Vs
          V dc
ref +
-
Vdc
PI
PI
Kps+ Kis/s
Kpc+ Kic/s
    i pq’
ref
           +
-    ipq’
         +
        I pd’
ref
-
  ipd’
Kpq + Kiq/s
Kpd + Kid/s
PI
PI
ud’
uq’
Vpd’
Vpq’
Vpd
Vpq
 
Figure 6 Cascade control architecture for STATCOM 
 
 
 
 
Equa-
tion 
(vi) 
And 
(vii) 
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In case of multi-machine for three phases nine bus systems it can be solved using a two axis machine model with 
no saturation and neglecting-both. 
 
Figure 7   STATCOM connected to the load-bus. 
V-POWER FLOW SOLUTION METHODS 
A- Early Power Flow Algorithms 
From the mathematical modeling point of view, a power flow solution consists of solving the set of nonlinear, 
algebraic equations that describe the electrical power network under steady state conditions. Over the years, several 
approaches have been put forward for the solution of the power flow equations. Early approaches were based on loop 
equations and numerical methods using Gauss-type solutions. The method was laborious because the network loops 
had to be specified beforehand by the systems engineer. Improved techniques saw the introduction of modal analysis 
in favour of loop analysis, leading to a considerable reduction in data preparation. Nevertheless, reliability towards 
convergence was still the main concern. Further developments led to the introduction of the Gauss-Seidel method 
with acceleration factors. The appeal of this generation of power flow methods is their minimum storage requirements 
and the fact that they are easy to comprehend and to code in the form of computer programs. The drawback is that 
these algorithms exhibit poor convergence characteristics when applied to the solution of networks of realistic size. 
Power flow solutions based on the nodal impedance matrix were briefly experimented with, but problems with 
computer storage and speed became insurmountable issues at the time. To overcome such limitations, the Newton-
Raphson  method  and  derived  formulations  were  developed  in  the  early  1970s  and  have  since  become  firmly 
established throughout the power system industry. Thus the following methods are used for power flow solution:- 
·  Gauss- Seidel Method 
·  Newton Raphson Method 
·  Decoupled Load Flow Method 
·  Fast Decoupled Load Flow Method 
Desirable features of an ideal load flow solution are:- 
·  High speed i.e. fast convergence IJECSE,Volume1,Number 2  
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·  Minimal storage 
·  Simplicity and ease of programming and 
·  Reliability for undesirable condition such as system having junctions of very high and very low series 
impedance, long EHV lines, large series capacitance, series and shunt compensation. Since these factors 
also affects the convergence. 
B-Computational Procedure for Newton –Raphson Method 
The computational procedure for Newton Raphson method using polar coordinates is as follows: 
·  Form Y bus 
·  Assume initial values of bus voltages | Vi
 |
o and phase angles δI
o
  for  i = 2,3,4.5.n for load buses and 
phase angles for PV buses.  Normally we set the assumed bus voltage magnitude and its phase angle 
equal to the 1.0 p.u.. For slack bus its voltage magnitude is given and its phase angle assumed to 0 . 
·  Compute the scheduled errors ∆Pi and ∆Qi  for each load bus and power flow mismatch ∆Pkm for TCSC 
connected line from the rialto given by the equation . 
∆ Pi
(k)   =   Pi
sp   -   Pi 
cal(k)    ……..  (1)   
∆ Qi
(k)   =   Qi
sp   -   Qi 
cal(k) …..  (2)   
∆ Pkm
(k)   = Pkm
sp   -   Pkm 
cal(k) …..  (3)   
For PV buses, the exact value of Qi is not specified but its limits are known. If the calculated value of Qi exceeds 
the limits, then an appropriate limit is imposed and ∆Qi  is also calculated by subtracting the calculated value of Qi 
from the appropriate limit. The bus under consideration is now treated as a load PQ bus. 
Compute the elements of Jacobian matrix as given in equation by using the estimated | Vi
 |
 and δI
  from step 2. 
Obtain the values of ∆|Vi| , ∆ δI and ∆α  by solving the equation. 
Using the values of   ∆|Vi| , ∆ δI and ∆α  in step 6, modify the voltage magnitude and phase angle at all load buses 
by the equations – 
| Vi
 (r +1 ) |
         =   | Vi
 r |   + ∆| Vi
 r| 
δi
 (r +1 )   
    =   δi
 r   + ∆ δi
 r 
α
(r +1 )    
   =   α 
r   + ∆ α
r 
Start new iteration cycle at step 2 with these modified |Vi| , δI and α.         
Continue until the scheduled error ∆Pi
r , ∆Qi
r  and ∆Pkm
r for all load buses and statcom connected line are within a 
specified tolerance. 
∆Pi
r    ≤   € 
∆Qi
r  ≤   €   
∆Pkm
r≤€ 
Where   €  denotes the tolerance level. 
Calculate the line flows and power losses and power at all buses as given by the equations  
Pkm =│Vk│
2│gkm│- │Vk │Vm│ (gkm Cos δ km + bkmSin δ km)            
         n 
              Pi       =  ∑ Vi Vik Yik Cos (θik- δi + δk)      ….(4)                        207 
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                            k=1 
                                     n 
               Qi      =   -    ∑ Vi Vik Yik Sin (θik - δi + δk)    ...(5)                      
                                    k=1 
VI. RESULTS 
A-  LOSSES WITH OUT USING FACT DEVICES 
Bus 
No 
V 
Pu 
Angle 
Degree 
26  0.9852  -16.5038 
30  0.9828  -17.8067 
B. LOSSES WITH IMPLEMENTATION OF FACT DEVICES (STATCOM) 
Bus 
No 
V 
Pu 
Angle 
Degree 
26  1.0000  -16.7794 
30  1.0000  -18.0205 
    AND 
STATCOM 
BUS 
Vsh 
Pu 
Thst 
Degree 
Qsh 
Pu 
26  1.0014  -16.7872  -0.0137 
30  1.0020  -18.0321  -0.0202 
 
 
 
 
 
0.97
0.975
0.98
0.985
0.99
0.995
1
1.005
v(pu)
bus 30 
(without 
STATCOM)
bus 30 (with 
STATCOM)IJECSE,Volume1,Number 2  
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